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Each Boffle is ~2.5¢cm
X 10.2em X 3.66m

Baffle are Inclined
~15° from Vertical Axis

BAFFLES IN QUENCH TOWER FOR

o/

BATTERY NO, 11, INLAND STEEL

o/
Dimensions supplied by the Inland Steel Company

Figure 12. Baffles in quench tower for battery No«. ll, Inland Steel ,éj
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Adapred from reference B,

£111 baffles.d/

Firma Carl 8
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Figure 1
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1. Boffles

2., Flushing Lines

3. Supporting Structure for the Boffles

4, Supporting Structure for the Flushing Pipes
3. Cuench Tower Wall

as
- ,
Adapted from raference 8,

Figure l4+ Firma Carl Still baffles, end View.i‘f

ED_002508A_00001202-00004



Je2els3 Height of Baffle Installation - Height of baffle installation varies
from plant to plant. However, agreement seems to have heen reached by those
active in this area of design, and all new towers and mist eliminators located
were found to have their baffles positioned as high as possibl&miiiég

Ix2eled Maintenance - The maintenance of quench tower baffles consists of cleane
ing the baffles regularly. In most towers, this job is accomplished through the
use of overhead sprays. Figures 11 and 12 contain illustrations showing typical
cleaning sprays arrangements. The frequency of baffle Flushing was found to vary
from once after each quench to once every months2k235/ Clean water is used in
these sprays when the nozzles in use are small encugh to clog easily.

3e2ed Coke Travs and Wedeewire Scresen Baffles

The literature contains references to two uncommon types of baffle or
baftle-like devices: coke trays and wedgewire screen baffles (note Figure 153).

Une site was located where coke trays were employed as a guench tower emis-
sion control measure, namely, the Alabama Byproducts Corporation in Birmington,
Alabamas Chunks of coke 6.5 to 9.0 cm (2¢5 to 3.5 ine) in diameter were placed
on wire mesh trays in one of Alabama Byproduct's towers For a brief period of
times The method proved to be impractical. The spaces between the pisces of
coke rapidly filled with particulate matter and excesslve back pressure devel-
oped interferring with the proper operation of the quench stations Judging from
this reported bad experience and the general absence of similar practices at
ather plants, Cﬂk9‘§rays are appavently not practical for controlling quench
tower emission.

The use of wetted wedgewire screen baffles was reported 18 vears ago in
a British plant, the Margam Works of the Sreel Company of Wales, Ltd. Square
sections of the screen, which consisted of hot-dip galvanized mild steel, wars
arranged in two opposed layers of baffles inclined 65 degrees from a vertical
axise Each square measured 1.2 m (4 ft) on a side. The mesh size was 2 mm (0.08
ine}s The tower stood 19.5 m (64 ft) tall and had a cross-sectional arsa of
111 w° (1,200 £y, The baffles were positioned in the lowsr half of the tower
immediately above the quenching spray and just below a network of finer spravs
which cleaned the screens and helped wash the larger particles out of the quenche

, 5
ing plume.2

Signifdicant "grit" reduction (~ 80%) was claimed as a result of the wedge-
wire screen system. However, the absence of such methedology in more current
usage indicates that the design in question did not prove workablee In the orige
inal research, wedgewire screen was selected because it had the longest life
of rhe available materials, but the actual lifetime of these screens is not
specifie w87 The corresive atmosphere of a quench towesr flue would be expaotad
ta do extensive damage to the grade of meral emploved. spparently, this factor
and/or some other problems have discoursged the use of wedgewire screens during
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Pieces of Coke
Supported on Wire Mesh

/
L L L LS

Wedge Wire Screen Used os o Baffle
Stat { Arranged os Opposed Louvers }

2
Adapted from reference 31.

Figure 15« Experimental baffle-like dewﬁces.‘gj
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the time period since the cited experiment. No refersnces to the application
of this techanique after the initial demonstration in 1960 were found in the
course of this studye

Jeleld Back SEI‘&E’S

Another approach te reducing quenching emissions involves the use of a
back spray system to scrub the quenching plume. Although this methodology is
not used in this country, references to towers with these back $prays are evi-
dence in West German literature.d/

Figure 16 illustrates three general quench tower designs which show the
manner in which this technology is employed. In most cases,; steps are taken
to prevent the back spray water from contacting the coke and raising the mois-
ture content of the final product. The example shown in Figure 1l6a accomplishes
this end by way of an offset tower design in which the path of the hack spray
water is completely off to one side of the coke quench car. The example shown
in Figure 16b utilizes a large trap above the guench car which collects the
back spray wash water. Figure léc shows a conventisnal tower ta which a khack
spray apparatus has been addeds In this last case, the back spray is only ugi-
lized during the first 20 sec of the gquench--the pericd of greatest particulate
production. With proper adjustment of the total quench water used, the desirsd
moisture level in the product may still be achieved.d/

West German studies indicate that particulate emissions may be reduced
by two-thirds when back sprays are applied to quenching plumes .2/ Howaver,
one German company does not recommend back sprays, possible because of increased
carryover of droplets or mist from the quench tower«*® This study did not reveal
any plants in the U.5. that employ this technique.

3,

Private communication with the EP& project officer {(Mr. Naum Georgleff ),
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a. Offset Tower

b. Expanding Tower with o Trap
for Back Spray Drainage Above
the Quench Car

c. Conventional Tower with
an Add-On Back Spray System

Adapted from reference 5.

a
Figure 16. Back spray designs.‘“"/
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4.0 ANALYSIS OF DATA ON EMISSIONS AND EFFECTIVENESS OF CONTROL METHODS

4.1 TECHNIQUES FOR QUANTIFYING EMISSIONS

One of the greatest deficiencies in assessment of gquench tower pmissions
is the lack of an adequate measurement technique. Although several sampling
techniques have been utilized, limited confidence can be placed in the accuracy
of some of the methods. Sampling inaccuracies may result from all of the factors
described below.

Several factors inherent to the quenching operation contribute to sampling
difficulties. First, most quenching operations are intermittent and of short
duration. 4 single quench lasts only 1 to 3 min with periods of 10 to 30 wmin
between quenches. 1t is difficult te collect adequate samples during a single
gquench due to this short time period.

The necessity of sampling more than one quench operation makes comparison
of the effect of process parameters upon emissions difficult. Within any given
quench, there are extramme variations in emission stream propertiess Both ve~
locity and temperature vary significantly over short periods of times. In addi-
tion, ambient weather conditions cause fluctuation of stack conditions even
within a single quenchs Finally, the extreme amounts of molsture pressnt as
both vapor and liquid cause sampling difficulties.

Several methods of quench tower sampling have been examined. These can
be divided into four basic types: (a) attempted isokinstici (b} a system sug-
gested by German Guidelines VDI-2303; () greased plate sampling; and (d) grab
samples. Each of these methods is described below with an analysis of possible
difficulties involved in each method.

4alsl Isckinetic Sampline

Essentially, all isokinetic sampling systems consist of a probe, a device
o capture the particulate, and some type of pump two draw gases into the sam-
pler. The capture devices used on quench tower samplers consist of cyclenes,
filters, and impinger trains. & typical isckinetic sampling system for particus
late emissions is shown in Figure 17. The sampling train is used to determine
pollutant concentration. This is combined with stack velocity and crosse-sectional
arga to determine smissions.
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tmpinger Train Optional
May be Replaced by on
Equivalent Condenser

Heated Area Filter Holder Thermometer
. Check
ﬂ{v” Stack \,ﬁ- i it Valve
Probe | 7 Wall LY r'““. ,
e Yacuum
Reverse~Type fdeg, ] - Line
Pitot Tube |
) e - ‘ | |
Pitot Monometer Impingers e ‘ \
Thermometers By~-Pass Valve Vacuum \
Crifice m i/ é(}auge }
Valve

Dry Test Meter Air=-Tight
Pump

Figure 17s Particulate -~ sampling train.
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When used to determine emissions from a stack, an iscokinetic sampling train
may collect emissions at a single point or at several points within the stack.
If single point sampling is used, it is assumed that the emissions sampled are
representative of the emissions throughout the stack., For an emissions stream
@s variable as that in a coke guench tower, this asumption is highly suspect.
Difficulties are also inherent in multiple point sampling. When results from
@ multipoint sample are used, it is assumed that the relative amount and COmp -
sition of emissions collected at any given point are consistent throughout the
test. However, nbservations indicate that an emissions stream from a guench
tower varies greatly from quench to quenche Hence, it is likely that emissions
sampled at one point are not necessarily representative of emissions through
thar peint for the duration of the test, In addition to thesge difficulties,
the extreme variation in stack velocity, both spatial and temporal,; make ac-
curate determination of average velocities difficule.

Despite the shortcomings mentioned above, isckinetic sampling is the most
reliable method of sampling quench towers. Data from isokinetic tests are con-

sidered to be more reliable than those from other tests,

Gele?  German Guidelines VDT~ 2307

As a part of the document on restriction of emigzsions from quenching op=-
erations, the VDI Cowmigsion "Reinhaltung der Luft" developed a procedure for
sampling emissions from coke quench towerse The induced flow system is described
below.

For the assessment of dust emiszions during gquenching cperations, a same
pling stream of the vapors is conducted through the sampler, where the dust
settles (Figure 18)s The sampler is made of zinc sheet iron and has a wall
thickness of approximately 0.5 mm,

The guenching vapors reach the sampler, which contains a flow-directing
baffle plate, through the inlet bend and leave through the sutlet sockat above
the baifle plate. The opening of the outlet socket is covered with a fabricg
zed with a very low flpw resistance. The sampler is handled by @ steel
pipe, £o which an extension can be fitted. The sampler is gmptied through a
frontal opening, tightly closed by a gasketed lide

{‘.Qagnﬁ

The dust is separated by centrifugal forces resulting from the changs in
the flow direction, and by settling forces due to a reduction of the flow ve-
locity, as well as by the filter effect of the fabric.

The samples are taken at Lhe outlet »f the quenching-tower atack. This
requirves a safe working platform. Before the coke car is driven in, the sam-
plur is fitved in the center of the stack, its inlet hesnd pointing vertically
downward. Sampling is completed when the car leaves the towar. To increase

[ ¥5]
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accuracys the sampler should be left at the sampling point during the quenching
of several batches. It proved best to sample five gquenching batches at a time.

After sampling, the lid is removed and the condensate transferred from
the sampler to a container. Dust adhering te the walls is flushed with water
and joined to the condensate. The content of the container is filtered through
@ previocusly weighed pleated filter. The filter with the dust is dried in a
drying cabinet at apﬁraxim&tely 105°¢ and weighed after cooling to room Lemper
EUréa

Dust emission in grams per ton of coke can be approximately calculated
for this measuring procedure from the following formula:

.
a pass
d * e * f
where a4 = dust emission, g/Mg of coke

b = collected dust quantity, g

= eross-section of quench tower (at sampling location), m3
d = cross-section of sampler inlet pipe, i

& ® number of quenching batches measured

;
= weight of a coke batch, b;i'

Inaccuracies in the results of tests may occur in twe wavs. Bven though
the system is designed bo create a minimum of flow resistance, there will he

csome pressure drop across the devices The velocity through the sampler will
be less than the velocity through the stack and all emissions estimates will
be low,

The system will also be ineffective in the capture of fine particles,
Neither the settling chamber nor a low resistance fabric will effectively cap-
ture particles less than ~ 10 ym in diameter. Therefore, the sampler will tend
Lo cdpture only the larger particles. This is especially important in the anale
¥sis of the effectiveness of haffles, Since baffles are more effective in Capm
turing large particles, this method will yield baffle efficiencies that are
more representative of the capiure of large particles, but not of rhe finer
particles (i«e., biased on the high side).

Finally, the method assumes that emissions in the center of the Stream

“re representative of emissions throughout the entire stream. It is improbable
that this is the cases
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42143 Grease Plate Sampling

Several early tests were performed on quench towers using a greased plate
techniques This method generally utilized a flat stainless steel plate coated
with silicone greases The plate was suspended horizontally in the stack for
single or multiple quenchess The silicone grease is then removed with a sol-
vents The solvent is evaporated and the residue weighed. Total emissions are
then obtained by the formula:

1
g ol Y 2Y2
afin

where E = emissions, g/quench
r = residue, g

2
area of stack, m

e
#

2
a = area of greased plate, m
n = pumber of gquenches sampled

Results from greased plate tests are of little value. The technique is
totally ineffective in capturing small particles. Again, it is impossible to
determine whether the samples collected are representative. Finally, a signifi-
cant quantity of particulate emissions leave the stack suspended or dissolved
in water droplets. It is quesionable whether these droplets would adhere com-
pletely to the greased plate.

treleds Grab Samples

Only one set of tests examined during the study were conducted using a
grab sampling technigue. Both gaseous and particulate concentrations wers deter-
mined by sampling with a l-ml syringe (this unusual technique is described fupe
ther later in this report).

These tests gathered a total of four l-ml samples from the alr emissions
stream during each quench. Velocities in the stack were determined and emissions
caleulated by relating the concentrations and stack velocity.

Results from any such analysis are highly suspects. First, it is question-
able that with such a small sample the captured emissions are representative
of the emissions stream. Second, the use of such a small capture mechanism will
orobably bias particulate results toward smaller particles. Finally, the method
presumably was not carried out with any attempt to sample isckinetically.
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4e2 QUENCH TOWER TEST RESULTS

Several emissions tests have been conducted on welb gquench operations. It
appears that substantial testing has been conducted in borh Great Britain and
Germany. However, detailed test dara and process information are not available
for most of these tests. A limited number of tests have also been canducted in
the United States and Canada. Extensive efforts by MRI have been directed toward
obtaining all possible data on thess tests,

The following paragraphs describe the results of both foreign and domestic
testing. Each test description will include when available: (a) process descrips-
tion; (b) sampling methodologys (¢) emissions stream characteristics; (d) par-
ticulate emissions results; and (e} organic emissions results.

bedel Foreign Test Resulls

Based upon our limited literature search, it is apparent that a signifi-
cant number of tests have been conductad on amisgions from wet quenching pro-
cesses in Great Britain, Germany, and Eastern Europes. Because of the limited
time frame and scope of this study, only those data veadily available through
the literature and by contacts with U,85. representalives of Cerman corporations
were obtained for inclusion in the study. Information from these sources is
presented in the following sectiocns.

“elelel  Marpam Works of rhe Steel Company of Wales, Led 22/ . The sarliest
emissions data located during the study were obtained by Harris st al., from
the Margam Works around 1960. The primary purpose of the tests was to determine
the effectivenssg of a baffling system in eliminating particulate emissions.

Process description--The Margam quench tower is an epen~ended brick struce
ture with an 18.3 by 6.1 m cross-section and 19 m high, reinforced internally
by three sets of four tiebeams. A total of eight nonclogging sprays with toral
nominal capacity of about 1.7 x 107 liters/min (4,000 gal/min) are used to
quench 11.8 Mg of coke in about 1 min. The towsr is equipped with a gric
srrestor consisting of a svstem of wedgewire grids and cleaning sprays situated
above the main quenching sprays. The grids consist of 108 galvanized screens of
< mn aperture arranged in twe overlapping lavers at 25 degrees from the hori-
zontals These are cleaned by 5.08-cm bore Sprayeo sprays that have a nominal
capacity of 2,720 liters/min (720 gal/min).

Coke is produced at Margam in ovens 13.6 m long by 3.8 m high by 45.7 cm
wide that hold a coal charge of approximately 15.5 Mg» The charge is heated for
a4 period of 18 to 20 hr and attains a temperature of about 1000%¢, Generally
11.8 Mg of coke are produced per charge.

Sampling methodologye~Emissions were sampled at two guench Lowers, one
with and one without grit arrestors. Four types of sampling methods were
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considered: a suspended condenser, suction sampler, impaction on sticky surfaces,
and downwind bucket sampling. Due to inaccuracies found in the condenser and

the excessive number of quenches required to oshtain sufficient sample using a
suction sampler, the sticky surface method was chosen as the final methods Hows
ever, some results were also obtained with the suction sampler. Both systems

are described belows

Initially the stick§ surface sampler consisted of an 11 cm by 11 cm filter
paper covered with white silicone grease suspended st three points for varying
times, and emissions patlerns were determined. Singe it was determined that
almost all grit was emitted during the First 30 sec, 16 7 cm by 7 cm greasad
filter papers were suspended equally spaced, across the Cower. Based on these
results, a 0.30 m sguare aluminum plate coated with white silicone grease was
placed at two points in the tower for the first 30 sec of the quenche

The prease and grit were scraped off the plate and dissolved in CClge The
solution was then filtered through a weighed Gooch crucible with glass wool
mat. Particle size analysis was conducted on the collected grits

The suction sampling squipment consisted of a heated 3.048 m stainless
steel probe in which the captured stream was dried before entering a Fibergass
rhimble filter. The thimble was connected to LwO condensate catch bottles and
an orifice meter by an 18.3 m rubber hose. The system had a maximum sampling
rate of 0.228 md/min.

Emission stream characteristics--During the portion of the study in which
the suction probe was examined, extensive temperature and velocity measurement s
were recorded. Both temperature and velocity were less in the tower with the
arrestor than in the open tower. During a series of 23 tests in the tower with
the grit arrastor, a maximum temperature of 65°C and a maximum velocity of
1,17 m/sec were recorded. A series of 22 quenches in the rower without arrestors
produced a maximum Lemperature of 82°C and a maximum velocity of 1.57 misec.
The lower velocity for the tests with the grit arrestor would be expected but
the reason for the lower temperature 1s uncertain.

Particulate test results--Levels of particulate emisslions were determined
by suction sampling and by greased plate. Using the suction sampler, a total
of 0.05 g was cellected for each quench at the maximum rate of sampling. Based
on an 0.228 m3/min sampling rate and 30 sec sampling time, it appears that the
Margam tower had a grain loading of about 460 mglmj. The total particulate emis-
sions determined by each sampling method are presented in Table 2. Data are
insufficient to determine whether the sample was collected isckinetically. The
authors noted that the weights from the suction sampling may have included scale
from the sampling probee. This would yield results with a high hiass
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TABLE 2. MARGAM PARTICULATE EMISSIONG

Sampling method Vith grit arrestor Without grit arrestor
Suotion

kg/quench {1b/quench) . (73 (0.94) Debt (14490)

kg/Mg (ib/ton) 0.035 (0.07) 0.0655 {0.113

Creased plate

kg/quench (1b/guench) Je2l (0.48) 1e20 (2.64)
kg/Mz (1b/ton) 0.015 {0.0%) 010 €0.20)

Greased plate samples were alse analyzed for particle size. They found
that with the grit arrestor that all the particles were below 500 m and that
20% were smaller than 66 um. For the Lower without grit arrestor, 82% were less
than 300 pm and 3.1% were less than 66 pm (240 mesh). These data support the
theory that baffling is effective in controlling large particles but much less
effective in cantrolling fine particulate.

Brganic smissions resulis--No data on organic emissions were given.

2ele2 Bairds and Scottish Steel, Ltds, Gartsherrie Warkgﬁﬁf - Several tests
were conducted at the Qartsherrie Works to determine rhe effectiveness of dif
Y
T

4

‘ent types of baffling arvangements in eliminating both particulate and drap=
emissions from a quench tower.

Process description--The Bairds coking plant had 35 Becker ovens served
by one quench tower. The rectangular tower was 13.7 m long by 5.2 wm wide by
17.1 m high. The tower had arched openings at both ends, and was divided lengthe

wige Iinto three bays of about 2qual size.

Baffle location and material were varied during the program te evaluare
the effectiveness of sach combination. The wooden baffles were comprised of
two lavers of 7.42 by 1.27 om ocreosoted softwand Louvres inclined at 70 degrens
to the horizental. Ash

¢stos eliminators were constructed from ane cycle high
eorrugations of “Big 3ix™ ashestos cement sheeting ser 4.45 em center to center,
The portion of the asbestos eliminators is depicted in Figure 19. The elimina-
tors were also tested 4b twe levels, one 1,83 m below rhe parapst, and one 2.13
moabove the spravs. The baffle system did not have spray cleanerss
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Figure 19, Asbestos cement eliminator fabricated from one
cycle high corrugations cut from "hig-six®
sheetinge
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Sampling methodology--The tests at Hairds were conducted using a suction
sampler consisting of a 3.81 om cyclone for separation and a calibrated inlet
nozzle (no final filter was used after the cyclonels The system sampled emissions
under approximately isokinetic conditions. The grit and droplets capturad by the
cyclone were collected in an 80 cc hopper.

Each of the thres bays was divided into nine equal sections. One BuUrvVey
consisted of one sample from the center of each of the 27 sections, Each sam-~
ple was taken for the first minute of the quench and each sample came from a
different Luench.

Total water captured was determined by welghing the cyelone hopper before
and after the test. Total particulate were determined by evaporating all waber,
and then, by weighing the hopper.

Emissions stream characﬁeristias~~ﬂuring the emissions Lests at Bairds,
extensive weasuremenkts were made of velocity, temperature and water CALTYOVET .
Velocities were measured in each of the three bays using a pitot tube, modified
Lo avold water blockage. In each bay the velocity increased rapidly for the
first 15 ro 30 sec and then, gradually decreased, In the front bay the maximum
velocity ranged from 2,1 ro 5.7 m/sece The middle bay ranged at a maximum from
Je7 to 5.5 m/sec, and the back bay, from 2.1 ta 5.5 m/sec. Velocities of 0.91
to 1.5 m/sec were measured for at least 4 min after the start of the guench.
This is about 2.5 min after the walter is turned off,.

Temperatures alse increased rapidly for the first 10 seey and then decreased
to ambient over a l« to 3-min periode Maximum temperatures ranged from 45 to 9570
(113 to 203°F) when ambient temperatures were in the 16 to 20%¢ rangee. It should
be noted that temperatures were higher in some of the baffled systems than in the
open tower. Also, both velocity and temperature decreased more rapidly in the
“pen towsy than in the baffled towers,

Total droplet emissions were also measured during the tests. For an opern
towar, the emissions ranged from 205 tuo 227 kg/quench. Data on water usage
sre nol presented. Hence, it is not possible to determine the percentage of
water carried over, per quench. Wooden baffles, at the lower level in the tower,
reduced carryover rta 145 kgl quench, and low asbestos eliminators reducsd the

.

quantity to 114 ke quench.
& J B

Particulate emissions resylts--The particulate emissions tests at Bairds
were conducted in two phases., The First phase tested the apen tower and the
wooden eliminators in the high position. At this time, coking operations were
normal with coke being heated to 1200°¢C with a 19-1/2 hr coking time. The Ay
ticulate emissinns were 6,95 kg (15.3 1b) per quench for the open tower, and
335 kg (7.7 1b) per quench for the baffled tower, vielding an efficiency of
about 50 Particle size was also determined for these testse The data are pre-
sented in Table 3.
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38
SIZE ANALYSIS OF GRIT”“f

TABLE 3.
Weight percent in size grade

B8izge Deposits— Grit collected by sampling

grade in No Timber
{micrmms) tower eliminatgrsgf gliminators
Ashove 599 246 10.3 9.4 5eb
599422 154 159 16.% 11.8
422295 136 1845 16.9 16.0
295-211 11.9 162 15.1 17.4
211-152 Geb 1l.4 10.8 3.1
152-104 Te2 8.6 8.1 10.0
104~76 5.2 547 6.0 6.8
7653 3.9 562 4e9 3.7
Below 53 846 8s2 1l.9 13.8

a/ Size analvsis of grit collected from the tower walls. The
authors indicate these data suggest that some particles are
broken upon entering the ecyclone.

b/ Original reference gave two sels of values under the heading

of "o Eliminators,” but did not identify this meaning.
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During the second phase of testing, the coke was heated to a temperaturs
of 1100°¢ with a coking time of 35-1/2 hr. This change made a significant dif-
ference in total emissions. During this phase the open tower had emissions of
only 1.3% kg (3.06 1b) per quench, an 80% reduction from the earlier tests,
another difference between the two tests was the method of quenche. During the
esarlier phase, the water was turned on before the car entered the tower, and
coke was quenched as the car moved into the towere. During the latter phage,
the car entered the tower, and then the water was started.

These tests were used to determine the effectiveness of both timber and
asbestos baffles at high and low heights. The resultant emissions and calculated
efficiencies are presented belows

Imissions Efficiency
kg per guench (%2
Timber baffles - High .51 63
Timber baffles - Low 1+41 ”' 18
Asbestos baffles - High 1.09 32
Asbestos baffles -« Low 1.26 10

It is apparent that the timber baffles placed high in the stack were by far
the most effective.

If we assume a minimum of 9.1 Mg of coke were produced PEY OVeny 8 ConsServie
tively hiph estimate for total emissions are 0765 g/kg (1.53 1b/ton) of coke
For an uncontrolled tower and 0,38 g/kg (0.77 1b/ton) of coke for a baffled tower
under normal operating conditions.

Drganic emissions results--Ne data were collected on organic emissions.

4s22143 United Nations Ouench Data - Data on quench tower emissions from SEY-
eral Buropean countries were compiled in a UN report.®U/ However, no information
wn provess conditions or best methodology was reported. The results from Poland,
the United Kingdom, Czechoslovakia, and the USSR sre given balow.

Poland--Results were veported from testing at a coke plant which used wastaw
EAk AL : ;
waters as makeups The hydrocarbon pertion of these quench tower emissions Ir=
cluded:

Phaenol D158 kg/Mp

Naphthalane U288 kp/My

Hydrorganic acid 0.0095 ke/Mg

Tar compounds 0010 kg/Mg
45
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The authors assumed that 50% of the coke in Poland was quenched with waste-
water as makeup. Based on that assumption, the average emission rates for
various pollutants from guenching processes were found to bet

Coke dust 0.143 kg/Mg
Coal dust 0.037 kg/Mg '
Crude gas¥ 0.017 kg/Mg
Hydrocarbons (heavy) 0.098 kg/ton
Roxious gases 0,100 kg/Mg
Inorganic anions 0,100 kg/Mg
Total 0,490 kg/Mg

% "Crude gas" was undefined in Reference 404

These data are based on analysis of condensates emitted from towers and
direct measurement and mass balances to determine total emissions.
&

tnited Kinpdom=~Estimates of particulate emissions ("grit") and moisture
emissions were developed for a coke plant producing 0.9 » 106 Mg of coke per
years Without grit arrestors; 245 kg/day of grit and 5 Mg/day of moisture are
emitted. These are translated to emissions in kilograms per megagram of coke
belows

Grit Moisture
Without arrestors 0.09 kg/Mg 182 kg/Mg
with arrestors 0.018-0.028 kg/Mg 0.18 kg/Mg

1t appears that the arrestors are 20 to 80% efficient in controlling particles

and about 90% efficient in controlling droplets. The report goes on Lo say that
the particulate range in size from 7 to 100 pm with the largest fraction gener-
ally lyving in the 8« to 80~ pm ranges

Czechoslovakia-- Dust emissions of 2 Mg/day were reported for a plant pro-
ducing 2 x 10° Mg coke per years This is a rate of 0.36 kg of dust per megagram
of cokes

USSR--For a coke plant charging 100,000 Mg/day of coal, the following or=-
ganic emissions are given: phenol - 0,240 Mg/day and cyanide compounds ~ 0,001

Maldays

Le2.1els Vaclav Masek, Czechoslovakia - Based upon available literaturs, it
appears that an extensive amount of research has been conductzd by V. Masek
of Czechoslovakiae. Most of his testing has utilized the sampling method sug-
gested by the German VDI-GCuidelines 2303. The method is described in detail
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in a previous section of this reports AU present, translations of anly two of
Masek's studies are available to MRI. The results from these studies are pre-
sented below.

One of the two reports included tests conducted to determine the effects
of various type baffle systems (see Figure 20) on particulate emissions from
coke quench towers. Each of the systems was tested at 60, 70, and RO degress
slopes from the horizontals In the tower with no control, average emissions
were 259,69 g of dust per megagram of coke (0.52 1b/ten cokele With bhaffles
of Type b with a 60 degree slope (see Figure 20}, emissions were 75 g/Mp (0.15
lb/ton)« This system was the most efficient of the 12 possibilities. Particle
size distribution for the total particulate for each of the baffle systems
is given in Table 4. It appears that the baffles are more effective in collect~
ing large particles, but not significantly spell/ Again however, the test me-
thod prebably does not effectively capture the fine particles.

The particulate were also analyzed for benzopyrene. It is significant
that much higher levels of benzopyrene are present in the respirable dust and
the grit between 5 and 200 gm than in the larger pasticulate. Calculations ine
dicate that total benzopyrene content is 23485 pgfg of particulate for a tower
without baffles. This amounts to about 6.2 mg of benzopyrene per negagram of
coke produced. With the 60 degrees Type b baffles, the benzopyrene content was
270 pglg or 2.0 mg of benopyrene per megagram of coke produceds The henzopyrene
contents by particle size for saeveral types of baffles are shown in Table 5.%L/

The second study by Masek measured the mass particulate emissions and the
corrosive nature of these emissions from a pressurized® and nonpressurized
quench towers The paper indicated that the particulate emitted measured 89,57
ng/ liter/Mg coke for a pressurized tower and 327.56 mg/liter/Mg coke for a non-
pressurized towere The units used to express the emissions (milligrams per li~

ErE per megagrams) were not clear in the translated article and were not de-
fined. At an sarlier point in the paper, Masek indicated that total parriculate
emitted dis about 500 g/Mg of coke (1.0 1b/ton).22/

"t

During the testing, the particulate was analyzed for 3,4~benzopyrene cone
tente. For the pressurized tower, 12 pgle were emitted and for the nonpressurized

Lower benzopyrene emissions total 20 pgie of parviculate.

The particle size of emissions captured in the sampling train are present ad
below.

ale

The translator of the article indicated that a “pressurized tower™ referred
to use of spray water at higher than normal pressure (ieev, 6 atml.

L
]
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Figure 20, Different types of bafflesa

48

ED_002508A_00001202-00024



21 56°71 EY A T o%ree SR*6C 0Ete 5 08 4]
0L"1 Qr°91 LIRS 08* % 00%Ec ge* 01 ol {a
LA 611 193 TN AN S92 R 01 o9 i1
59°1 LrGY O8*HE §sraz 09*4ic savg & SU8 2
06°1 DETLY L9°RE 06*ge 06°1¢ SE°T 61 mom o
08°1 £1*L7 §8°¢7 05 *E¢ §2°¢2 S A 01 509 ¥
ST 0E781 0552 5E°62 $9°¢2 SE°1 a1 09 g
S0 5961 GLM e SL*62 g% el %1 01 04 &
8°1 £gey S0MLT 6 1¢ S%*ZT S1°1 o1 o9 4
01°1 56721 09 1e 060t g6*ot %8 01 08 ¥
AN OR*ed 0L*%ve 49*9¢ 0Lt 1L 0471 & mmm Y
LY A] DETLT g6°¢e 59°82 §¢° 98 L8 01 www v
£ere (104174 $§*i2 285 LR ¥4 L4%¢ $14 Se1FIeq anoyaIy
G Gy ‘ Uit ey s gy it mv@ EE‘M.D HEE OO0 mwﬁummzw gRTIIRYG wc adors
01 H*pn 20 ¢ 03 7% 03 10 1 Cnncn 33 0 Fo¢ Taquny pur adLy

(%) 3yZyes ut fuorangTinsip BLIS BIRTIAEY

SNOTSSTHYE WANMOL HONAD 138 40
NOLLOGIHISTIO 3718 FIDTINVA IOVNIAY % FTHVL

ED_002508A_00001202-00025

44



01 1 1 oY 8¢ o09 a

g 61 61 oy &% .08 o

6 Y1 g1 ¢ L 1A o

€1 0f o€ oY z9 509 D

o1 1 12 6L 16 SOL g

01 01 9z 09 89 509 f

21 61 2 g€ 37 509 v

01 81 474 Ly 519 $BTIIEY IBOUJTH
ua G0 w g w2+ w100 um $00°0 sa1yyeq Jo 2doys
03 £%9 LE AL 03 1*0 03 §00°0 ©3 0 pue ad{y

/87 ur usjuen suaxddozusg y*¢

1500 GALIING NT INSLNGD INTHAIOZNIE~7 ' "¢ ATHVE

50

ED_002508A_00001202-00026



Size distribution %(w) Pressurized Nonpressurized

8,000 « 0.005 mm 1«13 1.85
0.005 -~ 0.1 mm 21.20 22440
Gel = Uu2 mm 24.30 25.10
0.2 « 0,3 mm 2645 24.53
G023 = Oud mm 19,85 20,24
Oude = 005 mm 705 5.88

Data on particulate measurements and tower parameters are too limited to
be of value. However, particle size data and benzopyrene content are of interest.

4e2+1s5 German Test Data - Pmissions data for several German quench towers
were supplisd to the EPA project officer by various German concerns. These data
are presented in Table 6.

Provess description--No information is available on the dimensions of the
towers for which data are presented in Table b+ However, the control measure
associated with each tower is described in the tables Each of these towers uses
water recirculation with makeup water supplied from clean mill water. '

sample methodolopy-~All tests wers conducted under the guidelines suggested
by VDI-2303 (see Section §.1.2).

Bnissions stream characteristics--No data were presented on velpeity, tem-
perature, or moisture content of the gmissions streams.

Particulate emissions~-Based on the data presented in Table 6y it is rea-
sonable to assume that an average emizsion rate is about 200 to 250 8/ Mg (0.40
to 0.50 Ib/ton) for Qerman quench towers. It should be noted that these measure-
ments wsing VDI-2303 account for rhe nonsoluble particulate only. The dissclved
solids from the entrained water droplets are not measured,

Four basic control options described in the table are (a) spraying during
the pushing stage, (b) batfles, (c) backspravs in the plume, probably above
the main spray system, and (d) combinations of backsprays and baffles. Based
on these datsa, spraying during pushing reduces emissions from quenching by about
S0%. This should be expected since most emissions occup early in the guench,
and ‘some of these early emissions would be released ar the pushs Baffling sys-
tems appear to be particularly effecrive in removing particulate emissionsa.
The seven systems with haffles only that ave shown in Table 6 have efficiencies
ranging from 81 to 95%% with most being in the 85 o 90% range. Efficiencies

o

for backspravs alone ranged from 40 po 75%

4ede2 Domestic Data

Emissions data from domestic quench towers are not as widespread as data
Erom foreign towerss. However, associated design data and process descripoions
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TABLE 6.

GERMAN QUENCH TOWER DATA

Installation

Patastion wo

{giMg of cokel

Tantrel

Control msasure

Sonkrallied
emissinons
(g /Mg ©f coke}

Jacobi Oand

2640 Spray during pushing 120
260 Spray during push and 30 degree i
slope Otte baifles
260 Spray during push and IO degres 50
slope Outo hafiles and spray
in plue
2l
Kaiserspuhl &85 400 Nathaws KG baffles st
.f( .
Minister Stefw> 250 Wauthaus KG baffles 4
b’munigabcrﬁy 00 Backapray 16%
q
Grmhwgﬁ 300 Baukspray 30
nister .‘itein‘w 185200 Bazkapray 40=100
fried 130200 Backspray 30120
Hangad 0120 Backspray -
f
Friesrich Hefnrigh® &0 Backspray 3¢
¢
?fnrzmmg‘ - Backaprays and wultiple baffles 24
4
Koenigsharn 36 200w 250 Fao Carl 3cill's quenching stack 3435
bafflas
*4( " N
Ministar Spein Hoo Ik 200-250 Fa. Darl Still's gquenching stack b E
bafflss
af
Hiniscer Stein Hes 2% 00250 Fa. Corl Seill's guenching stack 13 .
baffles
acobi Spe PE 100-350 Fa. Carl St4ll's quenching stack fhudelb?
pafflen
i‘:mezr’aid"ﬁ‘? bR Tun vows Fax Gaxl 3Eillfs gquenching 37
stack babiles
B

saped July 1%77,

Dars 9w
July 1%

t

«

4

G ¥

oi

%

B

Hg

» dated June &,

o

velied Sy Rurskohl e Or. o 0830«
¥

& supplied wn 2 letter from Mres Re Mebwt,

1877

Dars contiines in Letter from Br. G« Ctga, of MoKew-Otzo Emgineers, S0 Mo Naum JSeocgieff of EFs,

Transmitiad to Mr. Naws Geargieff of EPA in lettar darsd

of Carl 56811 Corporstion, o Hr. ¥aum Ceorgisfi of
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Are more complete. Extensive testing has been conducted st DOFASCO in Ontario,
Canada, and at U,S5. Steel'ls Lorain, Ohioy plant. Some additional tasting has
been done at Bethlehem’s Tonawanda and Lackawana plants, U.S. Stesl Clairton,
Kaiser Steel, Armco Houston Works, Donner Hanna Coke Corporation, Shenango,
Ince, and Inland Rast Chicago.« Data have heen requested but have nobt yet been
received for the last three plants. The data that have been obtained are de-
scribed in the following sections.

4eZe?s]  United States Steel, Clairton, Fennsvlvaniaﬁil - The earliest reported
emissions tests in the United States were conducted by Re Wo PFullerton of Ua8,
Steel in 1967. These tests were designed to determine the effectiveness of baf-
fles in eliminating emissions frem coke quench towers.

Frocess deseription--The tower used for the Clairton study iz a 4.6 by
4«6 by 30.5 m high wooden structure. The typical quench utilizes 1.5 x 10%
liters of water over a 2-min period to gquench about 11.8 Mg of coke. The water
is circulated to extinction with about 2.5 x 103 liters/quench lost by evapora-
tion and carryovers No information was given as to the source of makaup water.

In determining the best type of baffling, four arrangements were tried:
(a} a single tier of haffles inclined 70 degrees from the horizontal; (b) a
single tier inclined 45 degrees from the horizontal; (c) a double tier of bafw
tles inclined 70 degrees; and (d) a double tier of 435 degree baffles. It was
found that the double tiers provided excessive flow resistance and 50 were nob
satisfactory. The 43 degrees baffles provided greater rveduction than the 70
degrees bhaffles, and hence, were chosen for installation.

The final baffles were 1.9 by 15 cm sections of redwood. These were L
stalled 4.1 ecm apart. The baffling was provided with a spray system consisting
of a 10 cm stainless steel pipe manifold with 16 full-cone nozzles.

Sampline methodolopyewafter examining several methnds for sampling par-
ticulates, the greased plate method was chosens The plate was made of a 9.3
eme of Lé-gauge stainless steel. It was coated with a temperature and moisture
resistant greass, and was inserted in the Lower during the guenchs Velocity
was determined by Pitot-tube traverses, and temperatures were measured by a
thermocouple.

fnissiong stream charagteristias~mVelocity and temperature measurements
were made 4t the center of each of 16 equal-area zones in the tower crosse
section. The velocity reached a maximum of 11 m/sec during the first 10 sec
of the quench and then gradually decreased to 7.3 mfsec by the end of the 2«
min quenchs The temperature reached a maximum of 70°C afrer 10 sec, and then
receded to 5470 by the end of the guench., No data were given on moisture con-
Lent.

Lt
L3
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Particulate emissions data--The average particulate emissions in an open
tower were about 13.2 kg/quench or (.25 kg/Mg coke (6 1b/quench or 0.5 lb/ton
coke) with almost 90% of these emissions oceurring during the first minute of
the quenchs A screen analysis of the captured emissions is presented balow.

Sereen mesh size Particle size (um} Percent above size

] > 1,600 i
16 . o~ 1,200 1
30 ~ 600 10
50 ~ 300 45

140 150 B4
200 75 97

-~ 200 < 75 3

sfter installation of baffling, emissions were reduced to about 1.65 kg/quench
or 0.03 kgfMg coke (0.75 lb/quench or 0.06 1bfton coke)ds This represents an
emissions reduction of about 85 to 90%

Qrganic emissions data--No organic data are available.

; o o s , ., GbebB/ N
4eZe2e? Kaiser Steel Corporation, Fontana, californig——" « The South Coast
air Quality Managsment District, San Bernadine Zone (previously San Bernadino
County Adr Pollution Control District) conducted a series of three tests on
Quench Tower No. 3 at Kaiser Steel Corporation. The first was performed in
January 1972, and the last in February 1977,

Process description--The Quench Tower Noe 3 at Kaiser tapers above the
spray system to & 3.2 m sgquare duct with a baffling system near the top of the
towers Data are insufficient to determine size of the tower at the base or
stack height. Each quench at Tower No. 3 handles about 8.2 Mg of coke over a
3-min period. An average of six Lo nine quenches is conducted each houra

Sampling methodology--Standard Method 5 sampling equipment was utilized
in these tests. However, in the first test the filter was upstream of the im-
pingers, but for the later tests in 1977 the sampler was changed such that the
filter was downstream of the impingers. The tests were condusnted over the top
of the tower at a single point in the plume. The sampling rate was varied at
three times during a gquench based upon velocity profiles previously obtained.

Emiggion sCream characteristics=~-Limited data on stream characteristics
are available from the three reports. The 1972 report gave a stack ﬁemgerat?re
of BOQG,igl while the 1977 results indicate a stack temperature of l@ﬁQCxlé
4An analysis of molsture and gas densily was reported only in the 1972 report.
& moisture content of 38.95% was reported..
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Specific data on stack Flows were not reported. However, velocities can
be calculated based on a cross-sectional area of 26.9 m?. The 1972 report indi-
cated a gas flow of §,487.3 Nm? at 86°C which yields a velocity of about 6.4 m/
seCe Data from the other tests are insufficient to determine an exact flowrates.
However, if an average meisture content of 30 to 50% is assumed, the data from
1877 yield a velocity of 4.0 to 5.5 m/secs

Particulate mmissions results--Particulate emissions were measured during
each of the three tests., In the initial test an average particulate loading of
84.7 mgfﬁm3 was measured during the guench period. This resulted in a particye
late discharge of 13.67 kg/hr (30.08 Ib/hr) or 0,255 kg/Mg (0.51 ib/ton) of
coke quenched. This was an average for nine quenches.*3/

The 1975 tests resulted in an average loading of 892.2 mg/Nm> (0,039 gridsct),
This translates to a discharge of 9.23 kg (20.3 1b) particulate per hour or .16
kg/My (0.32 1b/ton) of coke quenched. It was noted at this time thar three out
of four baffles were severely eroded and new baffles were to be installed.®3/

The 1977 rest was scheduled after the new baffles were installed, The par-
ticulate loading was measured as 43.0 mngmj (0.0188 gr/scf). The resultant dise
charge is 9.15 kg/hr (20.12 1b/hr) or 0.055 kg/Mg coke (0,11 1b/ton cokel)s The
lab resulets for this Lest may be of some interest. The breakdown of particulate
catch is as Follows:&38

%.of Particulate Gatch

Impingers and accessories 3e7%
Filter {following the impingers) 2.0%
T.D.8S, in impingers 9he 3%

This seems to indicate that significant amounts of material are emitted as dis-
solved solids in water droplets; or are dissolved during the sampling process.

Orpanic emissions results-«During the 1972 Lests, grab samples of the emis-
sions stream were taken for phenolic compounds. The two grab samples showed an
average phenol concentration of 14 ppme The quench tower sump water was also
analyzed for phenolie compounds. The results showed an average of 536 ppm.

£

§

422243 Bethlehem Stesl Company, Tonawanda, New yarkiz ~ In July and august
of 1873, the State of New York conducted tests on the "B Quanch Tower at
Bethlehem's Tonawanda plant. Particulate, BaP, and hydrocarbon emissions waere
massured,
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Process description--No data were presented which described either the
quench tower or the process parameters. The report does indicate that quenching
time varies from 1.5 min to 3 mins It appears from comments and diagrams that
the tower is open {i.e¢; has no baffles).

Sampling methodology--For particulate sampling, the stack was divided into
nine equal cross-sectional areas. The average velocity was determined for the
first and second minutes of the quench cycle, and these were used as sampling
rates for a number of quench cycles using standard New York State sampling
methods, similar to the EPA Method 5 traine

BaP sampling was conducted with methods similar to those used for particu-~
late. However, the sampling nozzle was reduced to 0.3175 om, the sampling was
limited to only three central points, and a benzene wash was used on the sampling
trains

Pmissions stream characteristics--Nine different locations were sampled
within the tower with 17 to 24 quenches sampled at each location. The averags
stack temperature for each location was éSOCa_The average stack velocity for
gach point ranged from 5.2 to 8.32 m/sec with the center velocity at 6.l m/ secs
No data were presented on moisture contents

Particulate emissions data--Particulate measurements were also taken at
each of the nine points. The average particulate loading was found to be 254
mg!&mj (0.11 gr/scf), Based on an average of 8.5 quenches per hour, an emissions
rate of 48.4 kg/hr (106.5 1b/hr) was developed by the authors. This results in
an average particulate emission of 5.68 kg (12.5 1lb) per quenche

Mo data on the amount of coke per quench were reported. However, Battery
Noe 6 is an 1l-ft Wilputte oven. Based on data from similar ovens, it is assumed
that each push results in about 10.9 to 11.8 Mg of coke. Thus, an emission fag-
tar of 0.5 kg particulate per megagram of coke quenched (1.00 1b/ton) is esti-
mated.

The report. also noted that analysis of the test results indicated that
80% of the sample was collected in the cyclone and probe. Hence, most of the

emissions are probably large particles« The authors indicated that simple con-
trol equipment would probably eliminate the wuench tower particulate problem.

Orpanic emissions results-~Juench tower emissions were rested for Bab,
phenols, and hvdrocarbons measured as decanes Total BaP analyses were never
completed for the tests. However, particulate BaP results are available for
two sets of tests, one in which the particulate samples were analyzed for BaP
afrer particulate analysis was completed and another separate set of tests for
BaP. The particulate samples were taken over six locations in the rower A5 ex-
plained previously. I we assume these locations are representative, an emission
factor in the range of U.163 x 1073 to 0.326 x 103 kg of BaP/Mg of coke can be
calculated.
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Samples were taken at the three sampling lncations in the center section
of the tower for BaP only. The resultant emissions ranged from 0.092 x 10-3
to 0.171 x 1073 kg of BaP/Mg of coke for the center section only. If we assume
that the center section accounts for one third of the total emissions {an ag-
sumption which appears reasonable based on particulate data) total BaP emissions
from the quench tower range from 0.276 x 10”7 to 0.511 x 10~3 kg/Mg of coke.
Thus, the two sets of results yield comparable results, but represent only par-
ticulate BaP.

4 total of 94 quenches were sampled to determine total hydrocarbon emig-
sions. Total hydrocarbon emissions were determined to be 6.59 kg/hr or 0,085
kg/Mg (14.5 L1b/hr or 0.17 Ib/ton estimated) with about 50% of the emissions
veported on the north end of the tower. Average phenol emissions were reported
to be .26 kg/hr or 0.003 kg/Mg (0.57 Lb/hr or 0.006 Ib/ton), again, with 50%
of the emissions exiting the north end of the tower.

“e2¢s4  Bethlehem Steel Corporation, Lackawapna, New Yﬁrkﬁgf - During April
and May 1974, the Stare of New York Region 9 test team tested particulate, Bap,
phenol, and total hydrocarbon at Bethlehem's North Quench Tower. Thig tower
serves coke oven Battery No. 9 and occasionally Battery Nos 7.

Process description--Information on the process presented is limited. The
north guench tower serves the No. 9 coke bhattery, which is made of 8.1 m (241
ins} Wilputte ovens. It is estimated that these ovens will discharge about 22,1
Mg (24.3 tons) of coke per push. Each quench lasts approximately 3 min, and
about 4.3 batches of coke are guenched each hours

Water at the north quench tower was recycled to extinctions Makeup water
was & combination of effluent from the larry car scrubber and fresh water.

The tower does have a baffling system, located imnediately above the water
sprays, for emissions control. The baffles are described as wooden grid-tvpe
louvres with backsprays to provide cleaning. The tower raduces from about 18 m
in length at grade, to a 5,10 m square stack above the baffling, Further de-
sign data have been requested but are not available at this time.

Yest methodologyv-~The stack was divided inte nine equal area sections.
The sampling was conducted at eight of the nine points using a modified Method
.

2 traine Generally, 18 quenches were sampled at sach printe After determining
particulate weight, the samples were sxamined for BaP content.

Imisgions stream characteristicg--Two complete test runs were conducted

on the north guench towers Results of the twe runs showed a high degree of con-
sistency. The stack temperature for the first run ranged from 55 to 66°C with
an average of 61°C. The second run had a vange of 58 to 63°¢, again, with an
average of 6190,
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The stack velocities for the two runs were 8.00 m/sec for the first run
and B.02 m/sec for the second run. In each case, the south section of the tower
had the lowest velocity (7.436 m/sec and 7.272 m/sec, respectively) and the
center section had the highest velocity.

Initial analysis of the impingers indicated that moisture levels in the
stack were in the range of 50%. However, analysis of stack conditions led to
the conclusion that the saturation point of the gas stream was only 20%. Thus,
the report assumed that the gas stream was saturated and that the additional
moisture was droplet carryover.

Particulate emissions results--The average concentration of particulate
in the gas stream was 446.2 mg/Nm3 (0.1950 gr/scf) for the first run, and 422.6
mg/Nnd (0.1837 gr/scf) for the second run. Loadings in the different test sece
tions for the first yun ranged from a high of 635.8 mg/Nm3 (0.2779 gr/scf) in
the south section, to 303.9 mg!ﬂm3 (0.1337 gr/scf) in the middle sectione. During
the second test, the south section, again, had the highest loading at 519.8 mg/
Nm? (0.2272 gr/scf) with the middle section the lowest, at 302.9 mg/Mm3 (0.1324
gr/sct).

Tetal particulate catch was calculated to be 46.3 kg/hr (102,31 Lb/hr)
for the first run, and 46.50 kg/hr (101.55 1b/hr) for the second run. This
averaged to 46.33 kg/hr (101.93 lb/hr). Based on an average of 4.3 quenches
per houry and an average of 22.1 Mg (24.3 tons) per quench, an average emission
rate for the two runs of 049 kg/Mg (0.98 1b/ton) was caleculateds These emis-
sions are for a partially offset baffled tower using makeup water from the larry
car scrubber plus clean waters

-
Organic emissions results~-Particulate emissions were analyzed for BaP
content. In addition, gaseous phenols and hydrocarbons were measured.

Average BaP emissions for two runs were calculated to be 1.23 x 103 kg/
hr or 1432 x 1077 kg/Mg coke (2.76 x 10°3 1b/hr or 2.64 x 10" 1b/ton coke).
This amounts to D.0027% of the total particulate catch. It is of interest that
in both tests the highest concentrations of BaP were found in the outside por-
tions of the towere This might be expected since the coke in the ends of the
car is less coapletely coked than that in the middle.

The impinger train shown in Figure 21 was used to sample gaseous gmissions.
For phencls, 15 ml of 0.1 normal sodium hydroxide was used in the first three
impingers with a dry fourth impinger. The hydrocarbon train had 20, 13, and
10 ml of trichloral trifloral ethane in the first three impingers. Single point
sampling was used for each of three runs with a different point used for each
it
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I3

average phenol emissions were found to be 8.707 kglhr or 0.093 kg/Mpg coke
{19.156 1b/hr or 0.186 1b/ton coke) with a rvange of 3.334 to 11.572 kg/hr or
0.066 to 0.122 kg/Mg coke (11.713 to 23.458 1b/hr or 0.112 to 0.244 1b7/ton cokels
The three hydrocarbon runs yilelded an average emission rate of 0,798 kg/hr or
0.0084 kg/Ma coke (1.756 1b/hr or 0.0168 ib/ton) with one run having @ hydro-
carbon catch below detectable limits. Highest emissions on any run were found
te be 1.423 kg/hr or 0.015 kg/Mg of coke {3.131 lb/hr or 0,030 ib/ton coked.

, _ . 49/
Ge2e2.5 CF&I Steel Corporatiom— - A series of tests was conducted Lo compare

particulate and gasecus emissions from a gquench tower using LwWo waler SOUICES,
an industrialegrade water and discarded water from the noke oven by-products
plant«

Process description-- The test report presented little process informations
However, based on comments in the report, it has been inferred that the tests
wore performed on CF&I's south tower, a rectangular tower without baffles. The
tower is approximately 5.2 by 13,7 m internally and is 18 m highe Quenching
bime is set at L min 48 sec, and about 7.1 x 10% liters of water are used per
gquench with each quench consisting of about 13.75 Mg of cokes

Test methodolopy=-=-Saveral samples were collected From various points in
the emission stream using l-ml syringes to determine both gassous and particu-
late concentrationse. Three to four syringes were filled during each quench,
and four dirty water and four clean water quenches were sampled. Particulate
concentration was determined with an instrument specified only as a Celesco
Madel 2190. Phenols and hydrocarbons were determined using a carbo wax 1540
column on a Carle Model 8000 portable gas chromatographs. Plume velocity was
measured using a standard velocity probg.

Smission stream characteristicsw-The temperature measured in the plume
: w : - . o :
was found to be 60°¢ during the "dirty' water quenches, and 40°C during the
clesn water guenches. The clean water passed once through and thus, was coaler
5

rhan general guench water. The plume velocities were 7.01 and 7.53 misec for
the "dirty' and clean quenches, respectively. It was noted that these velocities
¢ true for the center section of the Lower and that downdrafts were

o

ward onl
present in both end seChions.

particulate emissiong results—~The particulate loading for

T
gquench ranged from 12 vo L6 mg{mj (5.2 X 1072 to 7 % 103 grfft3}. Tie
water loading ranged from 8 to 12 mgfmj (3.5 % 1073 ro 5.2 x 1o gr/fc
we assume that emissions from each quench last for 2 minutes and are emitted
only from the center section at the rates suggested above, emission rates can
he caleulatede The cross-sectional area of the centex section is 26445 w”s The
emission rates from the "dirty" guenches range from 0,398 to 0,536 kg (0.875

to 1.18 1n) per quench. The clean water emission rates range from 0.287 to
0.4627 kg (D833 to 0.940 1b) per quench. Assuming 1l.4 Mg of coke per quench,
rhe emissions average 00046 kg/Mg (0.088 1b/ton) for dirty water and 0.031
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kg/Mg (0,062 Ib/ton) for clean water. These results ars questionable because
of the very unusual sampling method {ieeay use of l.ml syringes), On the aver-
age, this CF&I data show about a 25% reduction in emissions from the change

to clean water. It should be noted that the assumption that the plume is only
emitted from the center section is contrary to most observations, and may lead
Lo an erronecusly low emission rate.

Urganic emissions results--Phenols were detected at levels ranging from
450 to 550 ppm in the "dirty" water plume. None was detected in the clean wabter
plume. Total low vapor pressure hydrocarbons were found at 3;000-ppm levels
in the "dircy"™ water plume and 600 ppm in the clean water plume.

 h g e 307 . a \ .
4aleleb Armco Houston Works™ - From september 5 through September 10, 1975,
particulate tests were conducted on the quench tower at the Houston Works of
Armeo Steel.

Process description--The quench tower is a'rectangular structure 5,72 by
142 m with a 20.7 m heights The tower is divided into three horizontal sections
with the outside sections 4.78 m long and the middle section, 4.537 m longs. The
tower is supplied with a set of baffles located 175 m below the top of the
towere The baffle system consists of three rows of baffles inclined 45 degrees
from the vertical in alternating directions. Based upon calculations and a total
height through the baffles of 30.5 cmy it is probable that the baffles are cone
structed of 15.2 om wooden louvres. The baffle system is equipped with backspravs.

During each quench a total of 11.8 Mg of coke are processed. Each quench
lasts 2 min, and an average of 3.25 quenches are completed per hour. No data
On water use were przsentedes

bampling methodalogy~-4 series of Ffour particulate tests was run using
4 standard EPA Method 5 train with a modified sampling sequence. The first test
{(PNA-1) was conducted at a single point near the center of the west tower sece
tion fovr a total of 30 quenches. For the second test (PNA=2) 24 points, a 3
oy 4 grid in each of the west and central sections, were sampled. The third
and fourth tests (CGAS-3 and CAS-4) were sampled at a single point shown to have
a high velocity.

Emissions stream characteristies--Stack Lemperature, stream velocity, and
melsture content were determined For each of the four runs, For the four runs,
temperature measurements were fairly constant, ranging from a minimum of 68°¢
to a maximum of 907C with average Lempsratures in the 74 to 77°¢ range for the
four runs.

Velocities varied significantly in the various runs, with lecation in the
tower having a substantial effect on velocity. During the first runs with single
point sampling, the velocity ranged from 2.5 to 3.75 m/sec with an average of
Fell m/secs During the second ctest when a traverse was used, velocities ranged
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From 0ebb to 6.58 misec, with an average of 3423 mfsec. Finally, during the
last tesls, when the sampling point was chosen for high velocity, velocities
ranged from 5.15 to 7.77 w/sec, with an average velocity of 6.58 m/sec.

Moisture content was high in all four tests ranging from 27% to 71% with
an average of about 42% These values were determined by saturation temperalure
{psychrometric tables) rvather than condensate. However, the report indicated
that the two values (saturation level and condensate) were generally in goed
agreement. This indicates a minimal amount of entrained water droplets.

Particulate emissions--The report indicated that particulate deposition in
the probe and in the impingers was minimal. Hence, reported emissions consist
only of the filter catch. Particulate loadings and total mass emissions arve
presented in Table 7. '

TABLE 7. ARMGO PARTICULATE RESULTS

Grain leading Emissions
mngm3 {grains/dscE) kg/Mg coke (lb/ton of coke)
PNAw1 98 (04043) 0.135 (0427)
PhiAm2 105 (0«D46) Dals (0428}
Ghbe3 135 (0,059} Uel8 (De386)
GAS=G 144 (04063) 0e195 (0a39)

Orpanic emissions data--No organic emissions were included in the sampling.

4eZe?s7 Dominion Feundries and Steel Ltd., Hamilton, Qntarigé£ ~ In August
1977, York Research Corporation conducted an extensive sampling program on the
quench tower at DOFASCO's No. 2 coke plant in Hamilton. Tests were conducted
under three sets of conditions: normal operations (water recycled to extince-
rien); normal operations with baffle sprays operated during the guench; and

gquenching with water restricted to ence-through bay water. Both particulate
and organic emissions were sampled but the organic results have nobt been re-
leased.

Process description--The Nos 2 coke plant has two battevies of 53 ovens
and a single guench tower. The coking time is approximately 155 hr. About 10.9
Mg of coke are produced in each oven.
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The coke is gquenched in a rectangular wooden quench tower. The exact dimenw
sions of the base of the tower are not given. Based on drawings, it is estimated
that the tower is about 15 m long by 5.6 m wide with a toral height of 16.5 m.
The tower narrows on one end through the middle third of its high to reach a
stack size of 11.3 m by 5.6 m.

Two rows of 2.5~ by 15-cm wooden baffles are positioned 3.0 m from the
top of the towere. The baffles ave placed at 20-degree opposing angles. The
baffling is squipped with backsprays.

The 10.9 Mg are quenched using two spray periods. The first spray period
lasts 45 sec, followed by a 20-sec interval with no sprays and another 30-sgec
spray period. No data on amounts of water used or consumed were prasented,
However, the report indicated that normally water is rescycled to ertinction,
with makeup consisting of fresh bay water.

Sampling methodolopy~~Emissions testing at DOFASCO utilized a high volume
Aervotherm sampling train. Sampling was conducted near the top of the tawer,
about 1 m above the baffles. The particulate system was fitted with an unheated
cyeolone with 50% cut size (D O} of 10 pm to remove large particles and water
droplets. The remaining gased were Chen drawn through a heated Spectrograph
Type AE filter and impinger train, followed by the control module. A strip chart
recorder and Hastings velocity meter swere used in conjunction with the particu-
late sampling system to determine velocitiess Preliminary velocity measurements
#llowed sampling during each quench at approximately iszokinetic conditiens by
modifying the flow during three distinct portions of the gquench. 1t is not clear
from the text whether sampling was conducted at a single point with velocity
profiles determined across the stack, or whether sampling was conducted at dif-
ferent points in the stack.

Emissiong stream characteristic&««Preliminary measurements were made Lo
determing stack temperature and to profile the velocity with respect to both
stack location and temporal variation through the quenchs Temperatures wers
megsured using both a potentiometris method and a strip chart recorder. Both
methods measured temperatures in the 68 to 70°¢ range throughout the gquench.
Average stack temperasturs during actual testing was approximately 68°C,

Meagurement of the velocity profiles indicated three distinct phases: (a)
ramp up,” a sharply increasing flow from the time the car entered until the
water wis turned on (10 secd; (b) plateau, a relatively even velocity, with
some decrease during the interim nonspray period, from the time the quench starts
until the second guench ends (1a3 min); and () ramp down, a pradual decresse
in velocity from the end of spraying until the car leaves the tower (~ 30 sec ).
The average velocity for each of the 17 tests ranged from 2.0 to 4.1 mfsec.

¥ Ramp up, plateau, ramp down are descriptive terms describing velocity patterns
at various times in the guenche

facy)
L
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Moisture content of the stream was measured for each of the testsz, probably
based on the amount of condensate in the impinger train. Moisture content on
the 17 tests ranged from 25.1 to 31.0%, with an average of 37.9%. Based on the
psychrometric chart and the temperature range of 63 to 71°¢ for each test, mois-
ture content at saturation should be in the range of 21 to 29% by weight.

Particulate emissions results--4s indicated above, emissions were determined
at DOFABCO for thres sets of conditions:

L« MNormal operating procedure with water circulated to extinction and
fresh bay water used for makeups

2. Normal operation with the exception that baffle back-sprays wevs
operated during quenching.

3. Quench water iz fresh bay water used on & once~through basis (no
recyela e

Data on grain loadings and emissions in kilograms per megagram and pounds per

ton of coke for sach of the 17 runs are presented in Table 8. These values repre-
sent total front and back half catch plus cyelone dissolved solidse The average
emissions for each of the three types of operations are:

Hormal - 0.238 kg/Mg ceoal charged;
Baffle sprays - 0.206 kg/Mg coal charged; and
tmee through - 0.291 kg/Mg coal charged.

1f we assume that 1 Mg of coal produces 0.6 Mg of coke the average emissions
in kilograms per megagram of coke are 0.394, 0,342, and 0.4835, respectively.
45 indicated by the data, the emissions from the once~-through bay water are
higher than those for recirculated waters

an approximate particle size distribution can be developed for the DOFASCO
sed on the location of vapture within the train. The four primary areas

nf particulate capture are: {a) cyclone, including dissolved solids; {(b) probe

rinse; (¢} filter; and (d) back half. The approximate size range for each area

rests Dase

N

ig:
Cyeloneg > 10,2 pm
Probe 3,0-10.2 pw
Filter Ou3-3.0 gm

RBack half < 3.3 um

s

# 1t appears from the diagrams in the test report that the cyclone was on the
Eront end of the probee. 64
i
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TABLE 8. DOFASCO PARTICULATE EMISSIONS DaTa

Test No. of Particulate Loading Emissions
uench Mode N, {luenches mngmB kg/Mg Coal
Normal 1 & 237.0 0,162
{(Water Recvele) 1a 6 286.0 {. 308
2 & 238 .4 0,262
4 6 307.0 £1.240
5 & 2148 0,220
9 ] 197 .9 Gg,222
14 f 296.3 (.194
11 3] 250.5 8,184
12 ) 263.3 0.346
Baffle Sprays 7 & 3480 G.204
8 & 218.0 3.202
Cnee~Through 13 3 288.13 3,239
Bay Water 14 3 569.7 0.298
15 ) 310.5 0.319
16 B 226.3 0. 206
17 & 312.3 0,370
18 & 288,1 6.312

The mean diameter of the cyclone particle cateh was determined by Coulter
analysis to be 64 pm. The size distribution for each of the tests Ls presented
in Table 9. As can be seen from Table 9, all except six of the 17 quenches have
extremely low quantities of large particles. In all except two of the rcages
(tests Nos. 1A and 13) much of the large particle catch is made up of dissolved
solids. For tests 7 and 8, these emissions may be a2 result of the back spray
systems Data from the other four tests give no indication of possible reason
for the increase in dissolved solids. :

Organic emissions results--Data from the arganic tests at DOFASCO have
not been released by the Ministry of Environment.

4224228 UeS. Steel Larainégf = The most exhaustive examination of quench
tower smisgions has been conducted by York Research Corporation for the U,S,
EPAs The studies have included an analysis of sampling problems associated with
quenching operations and two different sets of quench tower tests for both or-
ganics and particulates. Complete results from the second ser of tests are not
vet available,
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TARLE . DOFASCO PARTICLE S1ZE DATA

Test Cyclong Probe Filtexr Back Half
fuench Mode No. (%) - (%) (%) %)
Hormal 1 39 36,6 17.0 42.5

14 24.0 35.2 5.6 35,2

2 1.6 25.2 21.9 1.3

& 5.4 , 30.3 19.8 44,5

5 19.1 46.3 4.2 5.4

i 6.1 39,0 10.1 44 .8

10 10.3 44,5 0.9 44,3

11 5.1 48,3 18.2 28,4

12 3.9 35.6 4.9 55.5

Back Sprays 7 14.3 47.2 4, 346.3
& 16.6 41.2 0.6 51.6

once-Through 13 14.0 44,2 11.4 30,4
Bay Water 14 1.8 43.7 3.3 51.2
15 2.0 22.3 1.3 Th. 4

16 3.9 31.0 3.1 62.0

17 3.3 41.4 4.0 51.3

18 2.6 15.3 11.5 0.8

Process description--In examining the results of the Lorain test it is
important to bear in mind that the site was chosen for its testing suitability
rather than as a representative quench tower. Quench Tower Nos 1 at Lorain 1s
4 rcircular brick structure which services (s H, and 1 batteries. These are all
Koppers ovens, and, hased on charging data presented in rhe report, the ovens
vield 8.7 Mg of coke per push with about 0.9 Mg of that quantity being coke
hrasies

After the coke is pushed from the oven, it is cooled by using a total of
7.6 x 10% to 3.4 10% liters of water over approximately a Z-min period. Make-
up water at Loraln may he either clean river water or wastewater from the by-
products plant.

The gquench tower at Lorain is a circular brick structure with an inner
diameter at the top of 5,28 m and & height of 36.6 ms The vaffles, located in
rhe lower part of the tower, are constructed of Sel-cm by 25-cm wood and are
inclined at approximately 45 degrees. Data on base size of the tower were not
presented.
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Sampling methodalogy~~ Sampling methodology for particulates was essentially
the same as the procedure used at DOFASCO. Each test consisted of samples of
three to five guenches at a single point in the stack with different tests being
performed at different points. A series of four tests was conducted for organic
emigssions using the Hi-Volume Aerotherm train with a water-cooled adsorber kxrap
filled with porous polymer between the filter and impingers. The analyvsis scheme
consisted of a liquid chromatographic separation of the concentrated extracts
from the train which were later characterized by infrared spectroscapys In addi-
tion, a separate mass spectroscopy scan for polynulear aromatic hydrocarbons
wis performed.

Emissions stream characteristice--As was the case at DOFASCO, preliminary
analyses were conducted to accurately determing velocity and Lemperature char-
acteristics of the tower. 4 set of six thermocouples at various heights along
the side of the stack were used Lo record stack temperatures. As the car entered
the tower, temperatures rose about 5 to 6°C above ambient over the 20-sasc period
before the water was turned on, After the water was turned on, the temperature
rose to aboul 90 to 957¢ in 10 sec and then gradually dropped to about %4°¢
when the water flow stopped 1 min later. Temperatures continued to fall uneil
they were again about 5 ro 6°¢ above ambient when the car lefr 1 min later,

The mean stack temperature at the sampling height was about 80%¢.

Velocity measurements at Lorain were similar to those at DOFASCO. The velogw
ity rose sharply, then plateauved for the ,uench period, and leveled off after
the water was turned off. From data collected during various quenches, it appears
that velocity may vary from point to point in the Lowere Two figures show Pro-
files of the tower with velocity ranges of 6.4 ro 10.3 m/sec and 6.7 to 11.3
m/sec. During emissions tests, the average stack velocities ranged from 7,028
to 12,27 m/sec with an average for all tests of about 9.39 m/ sec.

Molsture content of the emissions stream in percent by volume ranged from
22+1 to 55% with an average of 36.95%, This is a relatively low molsture content
for the stack temperatures recorded at Lorain.

Particulate measursments: Particulate emissions were determined at Lovain
for a baffled source using both clean and dirty water. Results were obtained
for a total of 25 tests. brain loadings and emissions per megagram of coke for
each of these rests are presented in Table 10. As shown in the table, emissions
from the tower when clean water was used as makeup ranged From 0,515 to 1.66
kgdMg (1,03 o 3,22 ib/ton)e Emissions From dirty water quencheag ranged from
Ledd to 4,075 kgiMg (2.86 to 8.15 Ib/ton). average emissions were 1.09 kg/Me
(218 Ib/ton) For clean water tests and 2423 kg/Me (4.46 Ibfton) for dirty
water tests (irrespective of greenness rating on the coke)s These results are
relatively high in camparison to other tests as previously discussed,
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TABLE 10a. PARTICULATE EMISSIONS DATA--LORAIN TEST NO. 1 (METRIC)

Test loading Emissions

Makeup Water No. (mg/Nm3) {kg/ Mg}

By-Products Plant 4B20 1.821 325
5850 1,627 2.60
&BE0 1,320 143
7L58 1,608 1.80
8C20 1,732 2.12
90380 2,380 2.04
10050 2,791 3.08
11D80 1,725 2.07
12D20 1,430 2.12
13450 1,217 1.60
146420 1,853 3.17
15480 3,295 5,08
16G5P0 - -

Clean River Water 1C8E 936 1.45
302X 762 1.04
1B51 829 1.48
2821 831 1,25
3881 8966 1.61
5051 BE8 1.09
5021 590 0. 800
6081 - 588 0.675
FAST 824 1.34
8481 387 G.515
9A21 524 3.785
10M1 609 0.840
1M1 744 1.32
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TABLE 10b. PARTICULATE EMISSION DATA ~ LORATH

TEST NO« 1 (English Units)

Loading Emissions
Makeup water Test No, grisct {ib/ton)
By-products plant water (recycled) 4B20 0.796 6.50
5830 0.711 5.21
6880 0.577 2.86
7050 G.703 3.59
BO20 0,757 4.25%
9086 1.040 4,07
10050 1.222 6.15
LID&D . 734 4.14
12820 0,625 4.2
13a50 0.532 3.21
14A20 0.810 6. 34
13A80 1.440 8.15
1a8C5pP0 e oo
Clean river water (recveled) IC8Y 0,409 2.90
3C21 0.333 2.08
1BS1 0.406 2.96
2B2T 0.363 2.50
3BREY 0.422 3.32
451 0,388 2.18
5021 (.258 1.60
&D8Y .257 1.35
7A5T 0,380 287
BASY U.164% 1.03
QA2T g.229 1.57
1Mz 0,266 1.68
12M1 0.325 2,83
£9
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Particle size distribution was also estimated in the same manner as the
DOFASCO tests. Weight fractions for each sample train component for each test
are presented in Table 1l. One may assume that the cyclone catches particles
and droplets greater than 10 pm in diameter. With this assumption, about 31%
uf the particulate captured from the dirty quenches is either greater than
10 um or contained in droplets of greater than 10 pm in sizse About 18% of the
clean water particles are inm that rangee. since baffles are relatively effective
for large particles, low loadings af large particles downstream of the baffles
are expected.

Only limited total particulate data are available from the second set of
Lorain tests conducted in 1978. These are presented in Table 12. It should be
noted that these are preliminary numbers and should be used accordingly. Aver-
age emissions for the 1l clean water tests were 0.78 kg/Mg coke {l.56 lb/ton
cokele

average emissions for the four dirty water tests were 1.625 kg/Mg coke
(3,25 1b/ton coke)s Both of these values are substantially lower than COrTrespond-
ing averages from the first series of testse. In addition, the authors indicate
that these values may be in error on the high side due to silicone grease and
phthalate contamination found in the samples, which were helieved to originate
from the sampling train.

Orpanic emissions results--A total of four tests, two with clean water
and two with contaminated water were planned for the first set of Lorain tests.
However, one of the contaminated tests had to be discarded due to excsssive
plugging of the sample train. Results of the analysis for organic compounds
are presented in Table 13, Data presented in this table indicate that emisgions
of all types of organic compounds were greater with clean than Uigirty' water,
aven though the "dirty' water contained levels of organics that were an order
of magnitude larger than jevels in the clean water. Based on these few tests,
the limited data indicate thab water quality has little to do with the quantity
of organic emissions from quench towerss This conclusion is opposite that drawn
for particulabe emissions. lt was noted that the greenness ratings were low for
the clean water Lestse This phenomenon is also opposite that expected for high
ievels of organic emissions.

15 addition te total organics, POMs were also quantified for the tests.
These data are presented in Table lé.

Preliminary results are available from the second Lorain tests on polycyclic
arcmatic hydrocarbons {PAH) and benzens and total hydrocarbon. These preliminary
results may be adjusted at a later date. Fmissions for three PAH tests are
presented in Table 15. Tests Nose § and 7 are for clean water makeup and Nos 14
is For bye-products makeup. 1L 1s apparent that recycling by-products effluent
as quench water produces significantly higher emissions than viver wiater.
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TARLE 11.

PARTICLE SIZE DATA - LORATN TEST NO. 1

Weight Fraction Captured

Water source Test No. Cyclone Probe Filter Impingers
By-products 4820 {.279 £5.195 0.156 0.369
effluent SB50 3.395 0,124 G.122 0.359
5880 0.402 0,293 0.139 J.166
7050 0.312 0.253 0,171 0,265
8C20 0.403 0.182 0,165 0.250
¢80 0.228 0.380 0,176 0.316
10050 . 0,371 1.432 0.085 6.112
11D80 0.375 0.391 0.105 0.129
12020 0.275 0. 368 0.157 4,200
13450 .383 0,327 0.132 0.1358
14420 0,294 0,454 0.085 0.167
15A80 0,280 0.402 0.085 0.247
Clean river 1C81 0.105 0.780 0.017 0,048
water 3021 0.114 0.814 0.021 0.051
1851 G.108 .835 0.005 0.052
2521 8.052 0.843 0.038 G.0646
3R81 0.241 3.625 0.068 §.125
AD5T £$.132 0.637 3.010 0.201
52T 0,156 4.774 e 0.070
6081 £.081 0.751 e 0.168
TASY 0.497 0. 386 —— a.117
8ABI 0.174 0.783 ¢.003 0.039
9A21 0.157 9.735 e .109
1081 0.335 0.563 — 0.112
12M1 0. 208 6.731 — 0.061
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TABLE 12. PARTICULATE EMISSIONS DATA - LORAIN TEST NO. 2

Loading Emissions
Water source Test No. mg /m  kg/Mg
Clean river water 2B 6592 0.940
3 659 1.03
4 734 0.920
5 807 1.01
& 515 0,765
7 1,130 1.33
8 716 0.840
g 318 0.42
10 346 0.44
11 283 0.630
12 478 0.70
By-products effluent 14 1,011 1.78
15 1,216 1.69
16 1,190 1.58
17 . 900 1.45
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TABLE 13. ORGANIC EMISSIONS SUMMARY - LORAIN TEST NOe 1

Contaminated Clean
_ water water
Iype of organic compound mg/m” kg /Mg mg /m kg /Mg
Aliphatic hydrocarbons 14.29 0.026 734,72 1.172
Aromatic hydrocarbons ND ND NA NA
Non-aromatic heterocarhons L.64 0.003 18] ND
{esters, alcohols)
Aromatic heterocarbons 25%.15 3,464 2,408.57 3.842
{phenols, nitrites,
phtalate, esters)
Aldehydes, esters, carboxilic 45,81 0.171 212.76 0.340
aclds, acrylate polymers
Revtones, amine salts, 32,80 3.05%85 44,70 8.0715
phosphines, isocvanate
Totals 403.49 0.7215  3,400.75 5,425
Hi} = Not Detected

§

NA = Detected but welght attributable to this compound not available.
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TABLE 15+ PRELIMINARY PAH RESULTS FOR THE SEGCND BET
OF TESTS AT U.5.5. - LORAIN

{lean Waterw Clean Water Divty Water
Tesr Yo, § Test Neo. 7 Tagy N, 14
Zone Emissions Conag Emingions Sonc Emissicons
Speries spin’ g%z gl gME vgin? 8iMg
Tdene R wD 49 0,121
Naphthalene 133 8,218 g9 R.116 6 8486 =330
Banzothivphens 4.2 3,005 2.3 T EY 337 1. k&
Methvl Naphehalenes 83 ¢.102 15 PR 1,631 2.87
Acenaphthylene/Siphenylene il G060 11 0.013 1,892 3.32 )
Biphanyl 0.1 £.014 .3 0.0080 345 Go80
Dimethyl Naphthalenes 135 D.159 23 G.013 352 D815
Fluorens i O, 087 38 €043 2,180 3.85
Carbazals ] ®p 470 .82
Ditenzofuron/mechyl biphenyi® &89 G.087% 1 1,275 3,33
Anthracens/ phenanthrens 478 0, 59% 5T 4,008 TGS
Diobenzothiophene ia 0.014 18 215 . 31358
Hethvl anthracenes 183 0,230 AS 410 0.7
Fluoranghens As 0,0543% il 08,035 918 1.8%
Pyrens 38 6. 048 35 0,034 137 1,39
CygHypPal NI e 46 0.081%
TygHypPaK ¥ ) 12 8.920
Cléﬁizgf‘xﬁ NIy ol uD
Cl&ﬁ:é?:’kﬁ iy up 11 8,330
[Merhyl Flupranthen
_Methyl Pyrene 2 2.026 13 S.016 136 g.211
Dihvdrobenzofluorene il s 43 BT
Chrysene/Benz{alanthracenes® 1i.5 4,014 89 9. 104 an 3,158
Naphthobenzothinghene eind i3] 2.3 Q.0040
L e rvaBn g s ks ol 1a 35,0242
{ Benzefluoranthens, benzo{elpyrene
| BEnzo{a)perenas 2 o] 4D 118 13, 10
Fervleng 34 34,105 2y Th G133
Fephenvl anthracenallss o] Hqp L
Mmethvl Benziajanthrocenew NI prin) Ry
vi-hengs wvrenes D N 5
Sy givarbasoled WO R §p
cholanthrene ol te] K1t
N Wi N
W ki3 ol
N NI Wiy
N NI i)
RE NG £n
5
i 1,443 AN 10 &% JLETE 32,844 9,5
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0f the compounds listed in Table 13, the following are classified by the Uccu-
pational Safety and Health Administration (0OSHA) as known carcinogens:

Dibenzofuran/methyl biphenyl

Chrysene/benzla lanthracene

Benzcigjpyrens

7,12 Dimethyllulanthracene

Bibenaaic;g}aarhazmle

Dibenzia,hjanthraaene

For clean water tests, average emissions of these compounds ave U.113 g/
Mg coke 0.226 x 10=4 1b/ton coke)s The emissions from %he "dirty' water quench
of these compounds totaled 2.395 g/Mg coke (5.19 x 1077 1b/ton coke)s This is
opposite the results of the first set of tests.

In addition, preliminary data are available for BaP emissions from Lhese
rests. These results are presented in Table 16. Based upon these data, average
emissions from the tests using clean makeup water are calculated to range f{rom
0,103 x 1072 to 0.229 x 1073 kg of BaP/Mg of coke. The lower value was calculated
by assuming the none detected tests to be 0; the higher value by assuming those
tests to be at the detection limit. For tests using contaminated makeup water
average emissions were 0462 x 10+3 kg BaP/Mg of coke.

4.3 BUMMARY OF EMISSIONS DATA

This section summarizes the previcusly discussed particulate and hydrocar-
bon test results. A best estimate for total particulate emissions is developed.
In addition, particle size estimates are discussed, and factors effecting emis~

te total particulate emissionz are discussed.

4e3el Particulate Emissions

@

45 indicated earlier, particulate emissions tests were conducted using
a variety of methods including grab samples, greased plates, German Method VDI~
2303 and a variety of suction capture systems. These methods have been divided
inte three categories: (a) suction sampling tests like EPA Method 55 {b} tests
using VDI-2303; and {(c) other sampling methods. Particulate loadings and total
smissions as determined by suction systems are presented in Table 17. Data
determined using the guidelines in VDI-2303 are presented in Table 18. All
sther test data are presented in Table 19. Because of the likelihood of sampling
inaccuracy, the data in Table 19 are not considered to be of sufficient relia-
bility to use th estimate gquench tower emissions.
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TABLE 16. RaP EMISSIONS AT U.S. STEEL - LORAIN

Test Nos Water qualitygj 10*3 Ibfquench&f 10'j kg/Mg coke
2R C ND(0.41) 0 - 0,021
3 C ND(O.64) 0 - 0,023
&4 C 44,061 0.212

H C 760 U, 397

8 ¢ N0, 343 0 - 0,018
Q ¢ 378 0.197

10 G ND{Ce 57} 4 - 0,021
11 G ND{D.87) 0 - 0.045
12 C ND{0.53} 0 - 0,028
15 B 7267 0.400

16 D 101 0.527

17 o Gety] 0,230
sey! c 2466 0.139
5FP G ND{{1. 31} 0 - 0.016
5% C 3.70 0,193

5 Total o b6 2,332 - 0,348
Tey c NDR(0.46) 0 - 0.024
7FP G ND{0.40) 0 - 0,021
7X ¢ ND(D.51) 0 - 0,027
7 Total c ND 0 « 0.072
Loy o 737 0,385
14Fp b 2462 0.137

14 Total D 132 0.689

a/ ¢y = cyclone; FP = filter and probe; X = XAD resin
b/ €= river water makeup; D = by-products effluent makeup
¢/ HND * none detected. Values in parenthesss are detection limit

for that test with calculation based on data supplied by
A« I Littles
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TABLE 17. SUCTION SAMPLING RESULTS

Mo,
of Concentration mel Nes Emisnians  wpotiy
Lacat{on Tests Min Max sz Min M Lwg Cogment s
armod, Houston i 98 . & P 1 5,135 0,193
Suthlaben, Lachawsna : 428.3  4&6.2 53304 ~ - af :
{dircy muhkeup)
Fethiehem, Tonawands 13 - - %2 - - 4% Mo conprel Jolean
maieig )
Baiser, Tontana 4 43.8 A%.2 T2 %0355 0250 I fafiiend’
N 4 b \ N L
Baird and Scortish Lido~ . 153 iq. Mo conbrokd
G, 3550 0,380 Bafflesd!
U %L Sresl, Lovain T 12 387 R P G378 .18 Safflen with clwan
. maKeuy
1E 1,220 1,%en 1,900 1,04 2L RE LTER BaiTles with givoy
Y. %, Sresl Lervaln 1T j31 G304 G.973 3,510
o f - . .
% 1.86 1.3 L.i%sY Haffles with diegs
makaup
DOFAGTD 8 189 1%%.5 168,38 2.15% 0 0,33 3. 223 Hafilew {eleanm
makeup ¥
2 193 A 8,17 3,534 40186 maffles wand spravs
felean makeupld
& 322 5.8 B8 §.20%  §.36k S.082 0 Bafilze and onow through
» ' bay wager
T u i @
Margan Works ,iff’ 23 - - - - - cantralds
Zewwl o, of Wales
3 - - - - - 3.022 Sereansd
37 Makenp warey was larry esr sorubber efflusnt.
bY  Dare wiven in text in lbSguench. A satimate of 10 tons of coke per guensh was used to saleulate
emisaiong. Ine velues »f {0,765 and ©.380 were used as averages singe chev vere 204% raprasantst
noemal cokiny aperations.
2f  Bessrosusis process water used as makeum.
A7 Thesme data were takes using a rhizmble and accouns for emissiony only from the <3
tower.  These esrimeres sre lower than these obrained using greased plates 31 the same fower.
2 wourne ¥ makeup walur was nob spegified.
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TABLE 18. VDI-2303 QUENCH TOWER DATA

Emigsion wio Controlised
eontrel emissions
Ingrallatfon {giup of soke) Lontrel messure fgivg »f caks)
P
Jeoabi Daed 26 Spray during pusiing 120
380 pray during pushk and 30 degree siope sl
Frro waffles
325G sprav during push and M degres slope 3G
Quee beffles and spray o plume
Kaiverspuhl arsS P} Hathaus KG baffles 60
Minfscer Stelrd 230 Nathaus BS baffley P
ngnig:sbarnif 200 Backspray 140
'Srixrabxe‘rg-g” 300 Bavkapray fodd
Yiniszer Steinﬁf 160-200 Backapray 0= 104
b7 . \ 4
Erde™ 136=-2G0 Backspray 30120
. b
Hanse~ Gifb 3 208 Sackspray -
Friedrich Heinrich®! a0 Backspray 38
S
Plorzhedm’ - Zacksprays and muitiple Yaffley eded
Kornigaborn 3765 20258 Fa. Larl 5eill’s guenching stack haffles 333
wf
Minister Steln Wo, & 200~ 250 Fa. Card $till's guenching stack bafflies Fowd 2
. §
Wintsrer Steip No, 28 L0 25 Fa. Carl S0ill’s gquenching staek halffles i3
Imeobi Yo, ¥ 200-358 Fa. Card Still’s quenching stack baffles 14, 3-1%.7
Derarfalss’ THE Tup rows Fa. Larl Still's quenching a7
b ff len
Unknowmes 63 Twer rows of alternating 35

harisontal

ﬁé:

e
)

i

Data vontalined in letver from fr. O. Otts, of “%cKeeeOtto Emginesrs,

daved July 1977«

Guorgiatl of EFA,

Para supplied by Ruehkohl feo Dr. O. Otoo. Tracemitted to Mr. Mauws Seovgieff of £F4 in iefer dated

July 19¥7.

4

Cara supplied (v s levter from Mr. H. Sebar, of 2arl 3cill
o KP4, dated June 8, 1977.

.

ats developed by Vo Maseh {raferencs «13.
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TABLE 19,

DATA FROM OTHER SAMPLING METHODS

Grain Uncontrolled Controlled
Loading Emissions Emissions
Source (mg/m3)  (kg/Mg) Coke  (kg/Mg) Coke Control Measure
Margam Warkﬁii - 0.0%0 0.014 Wedgewire Screen
Steel Co. of
Wales
USSR (Plant®/ - 0.0830 - -
unknown
CF and 18/ 12-16 04044 - Noned/
B-12 Geld31 - None
U.5.8, Clairtond/ - .25 0.63 RBaffles
Poland (Planth/ - .3 - May be controelled,

unknown)

but contrel de-
vice unknown

a/ GCreased plate test
b/ Test method unknown

¢/ Grab sample

d/ By-products effluent used as makeup
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Data from those tests using VDI-2303 suggest that uncontrolled emissions from
quench towers range from 0.06 to 0.795 kg/Mg (0.12 to 1239 1b/ton) of coke with
an average of about 0.25 kg/Mg coke (0.5 1b/ton coke).d3 However, based on data
from quench towers tested using suction sampling methods, this value appears te
be low.

0f the towers tested using suction sampling systems, only two have ne baf-
fling systems (disregarding the extremely low results for the Margam tests).
4 single test at Bethlehem, Tonawanda determined emissions to be about 0.5 kg/
Mg coke (1 1b/tonm Cﬁkﬁ}r&z} MRI's estimates based on a test using a cyclone
capture device at Baird and Scottish Steel, Ltds in England indicated emissions
to be 0.765 kg/Mg (1.53 1b/ton coke)a38/ However, this was based only on the
amount captured in the cyclones If it is assumed that this cyclone captured 90%
of the materials as indicated by the amounts captured in the probe and cvelone
in the Tonawanda tests, total emissions are probably in the range of 0,85 kgfmg
coke (1.7 Ib/ton cokel.

¥R ok

Several factors can affect the level of emissions from quench towers. These
include the use of baffles to minimize emissions, use of clean water versus by
products plant effluent as makeup water, and quality of coke {(primarily green-
ness )» Each of these aspects is discussed with respect to test data in the

following sections. Data on particle size are then presented. Finally, estimates
of total particulate emissions are developad.

423slel Effects of Baffles on Emissions - Two types of data are available on
baffled towerss Four sets of data compare emissions with and without balfling,
while tests at five plants identified total emissions downstream from baffles,

The four sets of data comparing emissions before and after baffling ave:
(a) the series of rests performed at Bairds and Scottish Steel, Ltde, using
suction sampling; (b) V. Masek's tests at a Czechoslovakian plant; (¢) German
test data for Carl Still towers; and (d) Fullerton's tests at U.S. Steel -
Clairton. Results are discussed helow.

Twe test phases wers conducted at Bairds. During the first phase under
normal operating procedures, twoe rows of baffles inclined ar 70 degrees from
the horizontal reduced emissions from 6495 to 3.5 kg per quench {15.3 to 7.7
Ib per quench), & reduction of about 50%.38/ pstimates of fractional efficiency
by particle size for these tests are presented in Table 20. During the second
phase, four types of baffling arrangements were used; wooden baffles located
either directly above the sprays or just below the parapet, and corrugated
asbestos baffles located in the same two positions. The only effective AXT AN e~
ment was with wooden baffles located high in the tower. These had a 63% colleg~
tion efficiency., The other three arrangements all had less than 25% effiaiencya&“f
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TAELE 20, BAFFLE EFFICIENCY FOR VARIOUS PARTIGLE SIZESEéfiﬁj

Particle size

Unce emissions

Conte« emissions

Golle efficiency

{um) (kg/quench) (kg/quench) (%3

OmB33 Qe7 | .48 32

53=76 035 0e20 43

76w 104 Oabl Qe24 42

104=1532 D38 0635 40
152211 Qo7 Uelih 41
2112595 1.08 a6l 44y
295mb 22 1223 De56 35
422599 lelé Getil 64
> 599 Owdi? 0420 59

ﬁf These data are for baffles placed 20 degrees from the vertical and 3e0=
4o6 m/sec emissions velocitys Authors indicate that’ data way not be
sufficient to determine fractional collection efficlencys

1t should be noted that the 3.8l-cm cyclone used may have collected only
the large diameter particles. However, even if this is the case, 1if we assume
that 90% of the particles were greater than 10 pm in diameter,* the cyclone
should have captured all of these particles. This would result in minimum cole
lection efficiencies for the two tests of data of:

100 {ch Z {:}55(}} = ’{45.(}:}{3

100 (0.9 x 0.83) = 56.7%

sdditienal results on the effect of baffles were cbtained by V. Masek of
Czechoslovakia using German Method VDI-~2303. On an uncontralled tower, emissions
were on the order of 25%.89 g of dust per megagram of coke L/ He found the
best type control to be two rows of opposing paffles with a slope of 30 degrees
from the vertical. Emissions from a tower with these baffles were 75.00 g/¥g
of coke, an emissions reduction of about 71%. Emissions with respect to particle

% fased on discussion of Bethlehem, Tonawanda data in BSection bedelals

ED_002508A_00001202-00058



size are presented in Table 21;§££ These efficiencies are questionable in thar
the 87% efficiency for particles less than 5 um in diameter is certainly not
expecteds The method by which the particle sizing was done was nor specified
in Reference 41, so it is difficult to assess the validity of the results.

TABLE 21. BAFFLES EFFICIENCY WITH RESPECT 10 PARTICLE SIzp—~

Particle size Unc. emissions  Cone, emissions Efficiency
(m) {g/vg) (g/Mg) (%,
0-5 6.622 0.8625 87
5-~100 55.18 16,84 69
106-200 67.05% 23.96 b4
200-300 72.32 20,29 73
300-400 52.72 11.68 78
400500 3,791 1.388 76

Emissions data are alsg available From Germany which compare baffled and
nonbaffled emissions for two types of baffles., Two plants had results for Nathausg
KG baffles indicating uncontrolled emissions of 400 g/Mg coke and 250 g/Mg of
coke with controlled emissions of 60 g/Mg coke and 40 g/Mg of coke, respec-
tiveiy.éﬁf These represent an 84 to 85% reduction in toral emissionss It should
be noted that these levels of uncontrolled emissions are lower than most 1,5,
tests indicate. Again, this probably is a shortcoming of the VDI sampling method.

Unly one of the rlants using Carl Seill baffles had actual test data for
uncontrolled emissions. Tests showed emissions at Osterfeld toe be 798 g/Mg coke
(1«6 1b/ton cokeds Tun rows of Firma Carl Still's baffles reduced emissions
Lo 37 g/Mg (0,074 1b/toen coke}, & reduction of about 95%. Based on estimatas
of uncontrolled emissions, other towers had reductions ranging from 74 to Q8%
for single rows of baffles. It should be noted that these data are from tests
utilizing methods suggested in VDI Cuidelines 2303, Validity of these data
has not been determined during this study. '

Using greased plate tests, R. W. Fullerton determined el ficiency for a
single row of 45-degree baffles to be in the range of 8% o Q0% effective in

reducing emissions 33 However, size analysis of Fullerton's capture emissions
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indicated that 97% of those emissions captured were greater than 75 pm in diam~
eter. This does not agree with other data (U.S. Steel - Loraing Bethleham,
Lackawanna) and indicates that most small particles probably escaped capture.
Hence, this is a measure only of capture efficiency for large particle emissions.

Data from baffled towers indicate efficiencies ranging Erom 50 to 95% for
various baffle arrangements. Data are insufficient to determine an explicit
efficiency for any baffle arrangement. However, based on available data, we
can estimate that any single row of baffling inclined from 30 vo 45 degrees
from the vertical will probably be only 50 to 60% efficient.

Nata are available From five baffled quench towers in the United States
and Canada. These data are among the most reliable found during this study.
0f these towsrs, four have only a single row of baffles. The emissions in pounds
per ton of coke for these four towers are:

Bethlehem (Lackawanna) 0.49 kg/Mg (0.98 lbiton}igi

Kaiser D.155 kg/Mg (0.31 ibftgnj&&“&@f

2
1.5, Steel - Lorain (clean water) U.685 kg/Mg (1.37 lb!ton}%;f
(dirty water) 1.99 kg/Mg (2,98 1b/ton)s

o
DOFASCO 0.243 kg/Mg (0.486 1b/ton Y2t

Armco, Houston, has a series of three horizanﬁgéjraws of baffles. Emissions
there totaled 0.162 kg/Mg coke (0.325 lb/ton coke)s™ It should be noted that
the smissions from Bethlehem (lackawanna) are also from a Lower using dirty
makeup water. Since the effects of dirty makeup water will be discussed separately
in a later section of this report, we will not consider the Bethlehew and Lorain
dirty water tests at this time.

Looking just at the clean water tests, it can be seen that U.8. Steel -

forain had emissions significantly higher than any of the other three plantse
This might be explained by the fact that the quenching process at Lorain is

the patented LGwMOGgproaess. Industry personnel have indicalted that this is
a more violent process than normal quenching. Hence, it may cause incrgased
fracturing and droplet formation. More impgrrantly perhaps, the test data pre-
cented in Table 27 show that the velocities at lorain are the highest of any
rests at other plants, which might lead to higher particle and droplet entrain-
ment. Thus, the emissions at Lorain can be considered representative for a
narrow quench tower utilizing the LO-MO® process. If we assume the baffles are
50 te 75% efficient, emissions from an unbaffled Lorain-type tower, using clean
makeup water, are estimated to be in the range of 1.35 to 2.7 kg/Mg coke {I.7
to S.4 1lb/ton cokele
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